Purpose of Review The purpose of this review is to discuss the indications for operative and nonoperative management in patients with blunt liver injuries. Recent Findings Over the past several years, research has begun to show that nonoperative management in blunt liver injuries is feasible and has favorable outcomes over immediate operations in patients who are hemodynamically stable. This includes highgrade injuries who were previously taken to the operating room, in the absence of peritoneal signs or instability, for washout and packing. This trend in management is likely multifactorial and includes improved quality of critical care medicine, advances in imaging to accurately define the injury and trend changes, and other interventional techniques such as embolization, percutaneous drainage and endoscopy. The mainstay of treatment for hemodynamically unstable patients remains operative. Summary This article will provide current recommendations for operative and nonoperative management strategies in patients with blunt liver injuries, taking into account initial clinical picture and resources available.
Introduction
The liver is the most frequently injured organ in blunt abdominal trauma and therefore necessitates timely and effective management when encountered [1] . Initially, treatment for liver injuries included an immediate exploratory laparotomy to evaluate the extent of injury and repair as needed. This option has been shown to increase morbidity and mortality in the trauma population, and trials of nonoperative management were initiated [2••] . Now with the advent of improved computed tomography which can assess injury severity, the presence of hemoperitoneum, active extravasation, and additional abdominal injuries, as well as provide accurate follow up studies to assess change, nonoperative management is possible and provides improved outcomes. In fact, nonoperative management has been shown to be successful in >90% cases [3] . Nonoperative management has also had similar results in pediatric patients.
Classification of Liver Injury
The classification of liver injury is based on the severity of the injury, as set forth by the American Association of Surgery for Trauma [4•] .
& Grade I-hematoma: subcapsular <10% surface area; laceration: capsular tear <1 cm parenchymal depth ( Fig. 1 While a higher grade has a higher potential for failure of nonoperative management simply given its increased severity of injury, the grade itself does not dictate operative vs nonoperative management, but rather the hemodynamic appearance of the patient.
Operative Management
Operative management is mandated in patients with hemodynamic instability, peritonitis, failure of alternative nonsurgical interventions, or evidence of additional injury to an intraabdominal structure that requires operative examination and repair. Thorough knowledge of anatomy and surgical techniques are useful during an intra-abdominal exploration and essential to proper treatment [6••] .
Intra-abdominal Exploration
After entering the abdomen, the first step should be packing of the four quadrants to provide compressive therapy and allow for resuscitation and a clear operative field. The packs should be removed from the lower quadrants first and ending with the right upper quadrant where injury is expected. Splenectomy can be performed at this time if a concurrent splenic injury is identified [19] . The liver should then be addressed. Finger fracture can be employed in which the liver parenchyma is crushed between the thumb and one finger which allows individual vessels and bile ducts to be identified and ligated [7] . The vessels are ligated with absorbable suture and hemostasis of larger lacerations can be obtained with sutures and patches of omentum [20] . Liver stapling allows for transection and ligation of liver panenchyma, arteries, veins, and ducts in a quick, safe, and efficient manner and is useful in larger sections that require surgical excision [16] . The Pringle maneuver, which clamps the hepatoduodenal ligament and therefore the hepatic artery, portal vein, and common bile duct, can be performed for up to 1 h to limit blood flow through the liver and therefore more easily identify injuries [14] . If caval and hepatic vein injury is suspected, hepatic isolation can be performed during which a Pringle maneuver is performed followed by clamping of the inferior vena cava above and below the injury [12, 20] . For more severe injuries of the cava when the patient is in shock, an atrio-caval shunt can be performed [8] . A 36F chest tube or 9-mm ET tube is inserted into the right atrium and then into the inferior vena cava to create the shunt. This shunt when combined with the Pringle maneuver will usually control most bleeding. Because this technique is only used in very critical patients and because of the complexity of the procedure, the outcomes are not very favorable with a survival of about 20% [8] . In the event the patient is too unstable to continue with surgery and face potential blood loss, a damage control operation can be performed that requires extensive perihepatic packing to tamponade the liver with transfer to the ICU until a second look operative with definitive treatment. In the meantime, metabolic derangement should be corrected. In massive injuries where bleeding is unable to be controlled, the patient is coagulopathic, acidotic, and hypothermic, or if there is postoperative liver failure, hepatic transplantation can be considered; however, less than 20 transplants have been successful in the past 25 years [13] .
Nonoperative Management
Nonoperative management is feasible in patients who are hemodynamically stable with no evidence of peritonitis on exam. Greater than ninety percent of patients with liver injuries are able to be managed in this way. Stable patients initially receive a CT scan which can classify the grade of injury and important factors such as active extravasation and concomitant injuries. In the absence of other injuries, the patient is taken to interventional radiology where an angiography with embolization can be performed and prevent operative ligation [5] . Endoscopic retrograde cholangiopancreatography (ERCP) can also be used for diagnosis and treatment of bile duct injuries [3] .
Complications of Nonoperative Management
Conservative nonoperative management is not without risk and can lead to a range of complications. In fact, these complications can been seen any time the liver in injured, including after surgical intervention. One possibility is formation of biloma or persistent bile leaks from a ductal injury. Symptoms suspicious for leak include tachycardia and leukocytosis after resuscitation and are identified by repeat CT scan and treated with percutaneous drainage or ERCP [18] . Magnetic resonance cholangiopancreatography (MRCP) has limited use in the evaluation of blunt liver injury given its time requirement and non-therapeutic nature, especially when CT can provide quick and critical information. MRCP can be used to evaluate for bile leak in a stable patient before a therapeutic ERCP. MRCP is also an option for follow-up of a biliary injury in young or pregnant patients or those with renal disease or contrast dye allergy [21] . Hemobilia is another potential complication that can arise after hepatic trauma and is clinically noted with Quincke's triad of upper abdominal pain, upper gastrointestinal bleed, and jaundice. Treatment for hemobilia depends on the severity of bleeding and ranges from observation and self-resolution to embolization to surgical vessel ligation. Perihepatic abscesses can form which would also require percutaneous drainage and antibiotics. Hepatic necrosis is a more severe complication that occurs after hepatic injury in addition to ischemia usually from embolization [17] . Necrosis presents in a variety of ways depending on the extent of hepatic involvement, from abdominal pain and feeding intolerance to sepsis and multiorgan system failure [15] . While this devascularization can result in complete regeneration of hepatic parenchyma, surgical debridement may be warranted in more extreme cases when multiple lobes are involved or for fulminant liver failure [22] .
Failure of Nonoperative Management
About 5-10% of blunt liver injury patients that were initially managed nonoperatively will fail therapy and require operative intervention [9] . Reasons for failure include hemodynamic instability, inability to embolize actively bleeding vessel, peritonitis, and initial misdiagnosis of injury severity [10] . Indicators that increase the chances of nonoperative failure include grade 4-5 injury, increased age, decreased GCS, moderate or large hemoperitoneum, synchronous splenic injury, and elevated Injury Severity Score. Failure was associated with lower levels of hemoglobin, longer ICU length of stay, longer overall length of stay, and higher number of transfusions; the last also predicts mortality [11] .
Conclusions
Liver injuries after blunt force have typically been managed operatively with exploratory laparotomy, four quadrant packing, identifying the injured segment, and repair of hepatic injury by finger fracture, stapling, or hepatic isolation. This technique should continue to be used in cases of initial hemodynamic instability or if the patient decompensates at any point after the causative trauma. In more severe cases non-anatomical liver resection can be used to reach the bleeding vessel, and ligation under direct visualization Nonoperative management, however, has gained increased popularity in blunt liver traumas given its high success rates and decreased morbidity and mortality, even in high-grade injuries. Advances in imaging and other, less invasive procedures have allowed for modalities such as CT, angiography, percutaneous drainage, and ERCP to be used in order to control bleeding, drain bile leaks and abscesses, and prevent an open operation. With a proper protocol that includes monitoring of vitals, labs, follow-up imaging, rapid identification of complications, and ability to perform operative intervention if necessary, nonoperative management of blunt liver injury is an effective and preferred method, regardless of the injury grade.
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